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深海细菌 Shewanella piezotolerans WP3 分离自西太平洋 1914 米沉积物。在
本研究中，我们重点关注了 WP3 的运动性与低温高压环境的关系，同时深入分
析了 WP3 中低温噬菌体的诱导机制及生态意义。 
本研究对 WP3 全基因组分析表明，在其基因组中存在两个鞭毛相关的基因
簇。通过对液体和固体平板培养 WP3 的电镜观察，证实了 WP3 双鞭毛系统的
存在。对两个鞭毛基因簇中基因 flgH, flgL, motA, motB 的分别突变以及突变体的
运动性检测，证明了两套鞭毛系统与两套鞭毛基因簇的对应关系,同时也发现侧
生鞭毛参与了 WP3 的游动。我们发现四个 sigma 因子都能显著影响 WP3 的运
动能力，同时对 WP3△hns 基因芯片及荧光定量结果表明 H-NS 是 WP3 侧生鞭
毛基因表达的抑制蛋白，同时也是其温度诱导的关键调控因子。最后，基于本
论文的实验结果，我们初步构建了 WP3 双鞭毛系统的调控模型。 
病毒，特别是噬菌体在深海生态系统中具有重要的功能。本实验室前期从
深海细菌 WP3 中分离了一株新型的低温诱导丝状噬菌体 SW1，荧光定量 PCR
的结果显示它的关键基因的转录在 4℃下被诱导。在本研究中，我们证实了除
了编码噬菌体抑制蛋白的 fpsR 基因之外，SW1 的所有基因都是共转录的。在
这两个基因的编码区上游的上游都发现了很长的 5’非翻译区，同时在 fpsR 的下
游还发现了一段很长的 3’非翻译区，这表明转录后调控或者翻译水平的调控可
能在 SW1 的低温诱导过程中起作用。我们进一步的实验证实了 SW1 基因的转
录也是冷激诱导的，而其 DNA 复制不是。凝胶阻滞迁移的结果显示 LexA 不能
结合到 SW1 的调控区，即使是它包含了一个可能的 LexA 结合位点。之后，我
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了 WP3 的 SOS 反应，但是 SW1 基因的表达不受影响，这表明 LexA 不是 SW1
基因表达的调控蛋白。此外，UV 和 MMC 处理 WP3 后，其 SOS 途径被诱导，
但是 SW1 的基因并不被诱导。我们得出结论：SW1 的基因表达不依赖与宿主
的 SOS 途径。最后，我们还证实了 SW1 自身的抑制蛋白 FpsR 能够结合到 fpsA
的启动子区，说明 FpsR 是有功能的调控蛋白。综合以上结果，本研究揭示了
SW1 的调控模式是完全不同于经典的丝状噬菌体 CTXΦ 以及温和噬菌体 phage 
λ 的新型基因表达调控方式。 
本研究采用荧光定量 PCR 的方法对 SW1DNA 复制、基因表达和噬菌体组装
在宿主 WP3 整个细胞生长周期的动态变化过程进行了检测，结果显示 SW1 DNA
的复制以及基因的表达与宿主的生长温度和时期有关，其 RF DNA 在 4℃条件下
WP3 的稳定期细胞中有着最高的拷贝数，而且此时噬菌体颗粒的组装活动也最
活跃，说明宿主的相关调控因子比如 RpoS 有可能参与了这些过程。 
本研究还构建了完全不含噬菌体 SW1 的 WP3 菌株 WP3△SW1，发现在
20MPa/4℃的 WP3 原始生存条件下，WP3△SW1 生长得比 WP3 野生型菌株要好。
基因芯片的结果显示 20MPa/4℃条件下差异表达基因的数目（56 个上调，30 个
下调）多于 0.1MPa/4℃条件下（14 个上调，32 个下调），说明 SW1 在 WP3 的
原始生存条件下对其影响更大。在低温常压条件下，SW1 的缺失会导致 WP3 侧
生鞭毛基因表达下调，而在低温高压条件下，转录和翻译的相关元件、精氨酸合
成、嘌呤代谢以及钠离子转运相关基因表达在 WP3△SW1 表达上调，表达下调
的基因主要是亚铁血红素合成的基因。荧光定量 PCR 结果表明 SW1 的缺失确实
使得侧生鞭毛基因转录水平在 0.1MPa/4℃条件下下调，同时 20MPa/4℃条件下使
极生鞭毛马达定子基因 motA/B 转录上调。运动性检测的结果显示 SW1 的缺失
导致 WP3 在 20℃和 4℃条件下的涌动能力增强，而对其游动能力没有影响。 
最后，本研究还对 SOS 途径的核心调控蛋白 LexA 的功能进行了探讨，荧光
定量 PCR 的结果表明与 0.1MPa/20℃相比，lexA 基因的转录水平在 0.1MPa/4℃，
20MPa/20℃，20MPa/4℃的条件下显著增加，生长曲线的结果也表明 lexA 基因
的突变会导致 WP3 在低温高压下的生长缺陷，说明 LexA 对 WP3 适应极端环境
的重要作用。基因芯片的结果显示了 LexA 在不同环境条件下对 DNA 损伤修复
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一定程度上抑制了 WP3 的涌动能力。 
Shewanella piezotolerans WP3 是仅有的两株构建了遗传操作系统的深海耐/
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Deep sea is the largest ecosystem on earth, which contains a wealth of microbial 
resources, deep-sea microorganisms play a very crucial role in the material and energy 
cycle of the earth. The study of extreme environment adaptation mechanism of 
deep-sea microbes not only help to understand some basic biological questions, such 
as the origin of life, special metabolic pathways, gene expression and regulation, but 
also can understand the extreme characteristics of microbial life, and will be helpful 
for the development and utilization of deep-sea microorganisms.  
The deep-sea bacterium Shewanella piezotolerans WP3 was isolated from 
deep-sea sediments of 1914m depth in West Pacific. In this study, We focused on the 
relationship between the motility of WP3 and low temperature/ high pressure 
environment, and the induction mechanism and ecological significance of 
cold-inducible phage in WP3 were also in-depth analyzed. 
In this study, the analysis of WP3 genome showed it contain two flagellar gene 
clusters. Through the electron microscope observation of WP3 cultured in liquid 
medium and solid plate, we confirmed the existence of WP3 dual flagellar systems. 
The flgH, flgL, motA and motB genes belong to different Flagellar gene clusters were 
deleted, and the motility assay was performed to confirm the correspondence of the 
two flagellar gene clusters and the dual-flagellar system. We also discovered the role 
of lateral flagella in WP3 swimming motility. Sigma factors were found impact the 
motility of WP3, and the microarray and RT PCR analysis of WP3△hns shows that it 
is not only the repressor of WP3 lateral flagellar genes, but also the key regulator of 
cold-induction of lateral flagellar genes. Based on these results, we constructed a 
model for the regulation of dual-flagellar system of WP3.  
Viruses, particularly, the bacteriophage have significant function in the deep-sea 
ecosystem. A novel low temperature inducible filamentous phage SW1 was 
















Reverse-transcription quantitative PCR (RT-qPCR) analysis found that the 
transcription of key genes of SW1 was induced at 4℃. In this study, we confirmed all 
of the SW1 genes are co-transcripted except the fpsR gene which encoding the 
putative phage repressor. Long 5’ UTRs have been found upstream of the coding 
region of fpsA and fpsR which also contain an unusual 3’UTR, suggesting that 
post-transcriptional or translational regulation may play a role in the low temperature 
induction of SW1. Our further study confirmed that SW1 gene transcription in cold 
shock inducible while its DNA replication is not. EMSA results indicate that LexA 
cannot bind to SW1 regulatory region although it includes a putative SOS box. A lexA 
gene deletion WP3 mutant was constructed, and LexA functional defect activated the 
SOS pathway while the gene expression of SW1 was not influenced, demonstrating 
that LexA is not a regulator for phage gene expression. Moreover, the amount of 
mRNA of recA and lexA was up-regulated after UV irradiation and MMC treatment 
while SW1 genes were not, thus we propose that SW1 gene expression is independent 
of classical SOS pathway. We also confirmed that FpsR is a functional regulator 
because it’s binding capability with the promoter region of fpsA which is the key 
element for SW1 gene expression and phage particle production. Taking these data 
together, Our results delineate a novel regulatory mechanism of SW1 which is totally 
different from the classic filamentous phage CTXΦ and λ phage. 
The dynamic change of SW1 DNA replication, gene expression and phage 
assembly was studied in this thesis, the results shows these process are relevant to the 
culture temperature and growth phase of WP3. The copy number of RF DNA is 
highest in the stationary phase of WP3 at 4℃, and the assembly of SW1 is also most 
active at this condition, indicating the involvement of some host regulator such as 
RpoS. 
In order to understand the interaction between SW1 and WP3, we constructed a 
phage-free strain WP3△SW1, which demonstrated better growth at 20MPa/4℃ than 
wild-type strain. The microarray data shows that there are more differential expressed 
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0.1MPa/4℃ (14 genes up-regulated, 32 genes down-regulated). The lateral flagellar 
genes were down-regulated in WP3 △ SW1 at 0.1MPa/4 ℃ . Transcriptional/ 
translational apparatus genes, arginine synthesis, purine metabolism and sodium 
translocation genes were up-regulated in WP3△SW1 at 20MPa/4℃, while heme 
synthesis genes were down-regulated at the same condition. Using Q-PCR, we 
confirmed that SW1 deletion cause lafA/fliA up-regulated at 0.1MPa/4℃ and motA/B 
down regulated at 20MPa/4℃. Motility assay shows the swarming motility increased 
in SW1 mutant, and there are no difference in the swimming motility.  
Finally, we detected the function of LexA protein which is the key regulator of 
SOS pathway. The transcriptional level of lexA gene increased at 0.1MPa/4℃，
20MPa/20℃ and 20MPa/4℃,and the lexA mutant shows growth defect at low 
temperature and high pressure, suggesting the importance of LexA for the adaptation 
of WP3 under deep-sea environment. Microarray data indicated that LexA play a 
part in the repair of DNA damage and the synthesis of fatty acid. Our motility assay 
of WP3△lexA shows that LexA also repressed the swarming motility of WP3 at 
20℃. 
As one of the two deep-sea piezotolerant/piezophile bacteria with genetic 
operating system, this study will energetically promote the development of WP3 into 
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4，寡营养 光合作用能在 300 米以上的海水中进行，深海中的营养物质主要来自
光照层有机物的沉降作用，据估计, 海洋光合作用产生的有机物中 99 %在 1200
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